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n [11. Ultrashert-Wave Antonnas

i I'!‘ran:nutt.ns and receiving antennas for meter waves do not differ greatly .'rmi

; ¢. 'ri=wafe antennas. The main element of antennas for the radiation or recepiion ol
@eter waves in a wire of longth fLr }. To obtain directional radiation, an antena
Houne fori of a half~-wavelumghh wire is sometimes placod at the fofus of a ¢ylirdrie-
al parsbeindd made from a copper gheet (Plgu.roy 354}, This type of antenna has sharp

nrectivivy L the plane perpendircu.u.r to the axis of the radlating wire, 7 oltain

coare afrertivity in thw norlzontal .ni vertical planes, tne ra‘;‘.mimf WLre L e
“L . W oat the [owus of 4 paraboloid of rewolution. T oblali siAr oo
vt e toeew we G enna Lg gomatimes mads in the form of & cophasal ro.iranLal
AN B AR TS A SRoMt awave amtenns,
Or tetalawng onewaidad (forward instead of farvard and back) directivity from a
vk :&J— Proeowvatan of wirgs, Peprwsunting a4 pagsiwe mireer, is repincac in

Sra v e e tedigre by on oLl pomgen L Mha Parm of g copper or alun.pam ateet,

P L ie ey talle the wave chamael (FLloure S50, La use !
S R L S Are 1,8 halfwwavelearth Iong, e the radiapdng e lansae,
st ted o tee teans Ptapr Ly A feedar, Ulrs 2, which is slightlf more than a

. )
WL vaea em ek s Le usag A2 1 reflactor.  ires 3, L4, and 5, elightly lee: Lhin

J—
Aora Feaave st dong ans therefore the currents flowing - then Sy Log{ia ;haze)

srsarmont An wire 1% As a result, the energy radiated is connentrated in a niract lon

L. re ot Twarws Y0, w5, Tnese alpseting wires, placed in frony v ¢ i
trnsa are called directors, The number of directors may vary from 3 €o 10, depanilny
coor to agree ol direstivity dksired,

‘wtur=batd antennas are ususlly fed by a concentric feedar. since the conzentrid
onkbalinced ling AeTe i )
iv O eespanetaloal system, a mmut must be used when it is used t¢ fewd o

neThor & changing
5 tracAl antennd., A type of m-mﬂt lor mmphbixe & nonsymmetrical
feeder 1 4o a4 symmetrical one is shown in Figure 156, The concentric line braashes

s+ o+ paint A, The dietance AB ls one ha.lf‘-v@nlength in order to obtain a potentisl
| at point B having & 180° phase shift with respect tb ehs potential at point 4,

| Baeides a M th Pu‘bol'km wm'g'em‘e
! Figure 357) _ . : Q....‘I‘hera will e current nodes
2t points A and B of this antenna, i,e, there will be a phase shift of 180° so that the
‘, currents in both radistimg wires will always flew iz the same direction. 31
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The power rediated by the antenna s '

. R ¢ _L- (2Z)* Fx
Sare g ® TRy Lo, the radiatien resistance of A WA half=waveiongt® 77

Thady ' _ .

Rom F TR

[eo ahion bt Tellows thab Llw radlation reﬂatancc of the !’oh“hu dipaae, whiel k-
termines the inpub registance of the antanna, ie ronuidarnh\y Righier than thet of &
L s GETRER LTRRTRESPETSEPNTILEE LEHER R S s Uhg weto nh AR LR
Lig dateren ainh e LhApEsteriEt Lt M ETace Of Voo opply fepuds 10 OLad Sotra e
Wil ome v aIN bootre deoan '

Vo LPRSAILTting antensd Fast ue matvaied 1O (ynnidapuhle helzt ol Leaer
LLTALY Magh bids antanithy s Lot Lt

T YT S N S Soaoane ot PR b BN of Asaz, Lt when we muve
§ e Ameter oadoaeatioener Caves . aLrraiog must b Lasd te B oepedter jeceed 114t 2
e e et IR U T T TRITCE FUBAY
ot e s B .. ¢« v readistion and R Supt L et WV,

bt for bl Labtar waves, epaciiL by pus are alen used, a b B3 losrn antennas, siom
ult;:m:\r, meeal.le Jengas  and Apelastrie antanhds. Mkt Lo nrier amtotsal ix
ame noh used fur longer waveiengthe.

The' horn antenns s 8 radiating eystem which is & natural extansion of 2 uvqj/
galda for the tranafer of . ectromagnetic energy inee apagn VLoare negt,

The horn antenna his sufficlently sharp directivity and san be P BETR O S
pand of frequentiesgiven the proper horn dimensins, Tam A defleiansy of Sbe NSt .

anbennm ¢ tbs relatively Large slze in comparison with an anberui. havit, & paran iic

refleciur. .

. slot armtenns le an anténna in the form of 8 hole in w surface made of 4 pood
conduntor, 1f a nuber of slots are made in one of the walls of ¥ wavegulls, alec-
tramagnet Lo energy wtll be radisted from these holed which thus ma] be reng‘é'ied a8
unique antennas, The form of the slots will depend upon the field structure within
the nnuﬂlt wvave gulde. 'fhia antenna 1s equivalent in di.reotivity of radiztion
to an antenna conalsiixg of a groundod wire placed along the axis of a ring, oame-

e slot mtmﬁm Ln the form of narrow wmkmgrdxr rectilinesr slob
about & haff-wavehemgii Long. Sharp directivity can be obhainnd by i lpncinu
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The strustural advanjage of | -m antennas is the Bhgence of  projestir, Me .
. The phese velecity in & wege gulde h greater than the velooity of propagation
of energy in freo space. This can be used to devise ahu'ply directional antennss.

called I.ohu. The lens amtenna is 8 ecries of wave Mu of mpmsivaw short
length placed in llueh s way a8 to oreate guomxin many parallel pathe for Lhe flow
of alectremagnetic energy. . .
The relative pesition and'.length of .the .ward guidesita seleacted eo that the
ande of al) wave guides Lie in ocae plane and the baginnings of all forg some curvod
surfase, The lens antenna g shown schematically in Figure 159, where Lhe ERRKX 1a-
Foyging! KREKKUAEAXE Huird Cabdow e shown ir cpoggeanntion.  Tio anas ol Tt
Abder Polnciin witn the y-axia whise the belnainga form same Aurve mn.
e cperst U T srleoof the wat 211t lans Antenna o3 ¢ follieun ik wa ]

e tas fladi aranled L owree Wb tne point o digure 1508 Lo propa, et ae
uny various paths and approa thes the yeaxlo, The beum colneiding with the x=-axis
TR TRV L AT LR o VoA Alpegtan Wl 8 rerialn Wdgae Lo M X % A%
takne 2 longer puth, wut part of its path Lles within a wave gu'de 8¢ that its vew=

ocity in this seetion is higher. The combinatlen of all wave guides used for diroct-
 {ny the energy frem the source to the y-axis forms ‘the antenns, 4 metallic lens,

e can selectm a lens profile mn such that the phase of all oacillations reachiar the
y-axis will cot.ncide and thus the energy leaving the lens will be propagated furtre.r

in & parallel beanm. ' » '

The time required for the moticn of the energy along the path AO = a 18
t - ...!_
mwmmumcmwdmm path ACD = AC « CD

a.
L. Sty . . | (1)

where ¢ 1s tho velacity of encrgy in enpty space and Vy 1is the phase velocity in
the wave gulde. ‘ ‘
Desipm'ti.na k= -e; squatien (1) 1s easily transformed to

[T yT = e

and' thus N
N £1 Qawmk et K2

gt e R T

mmmumndutmnm- .
(,_ "/- 3—"4‘4("")*7 ~0
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The dependoncy obh:l.md between y and X cdn be reduced to the form
LA A 2!
(= ) * e (/ r R

or finally P Y
|

ok e

, -

Ist

N from which iv follews thet the prot:l.h -mm for the lens antenna is defined by the
watton of un ecllpan. A horr antenna ia froquomdly used a8 i source of cscillatione
feading the lens antennd. If the lens mtcnnl; are made sufficiently large, a ‘con~
contrw o ol vhe ratiR @l energy within an angle measured in fractions of a degree
ahs be ubtalned.

§ Superhiph frecuencies am: also obtained through the uve of a dielectric an-
terna  whicnh is @ ren made from alelectric material having 8 the form of & cone with
s qianeter of appreocumatoly T.' and & length of (% - 4) ~ (Figure '560) Oscillationa
apm mpeiUmd An Lhe red wilhotnE heap of the antenna 1 and the rod radiatss oscilla-
slong Wiy in the direction of the apex of the cone. Arhennas made up 'of several rods
aee el 0 Sutaln dnarper 1irectivity. The rod 1a usually made fram troljitul, &
[;«--x-mqg pasatic naving Low losses and & high dielectric calm.em.;
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v, 5!!? Reseivors

In the reception of wtrashort waves, we ouct consider & number of facters whinh
g arq of relatively Utile importance in the récepﬂan of longer waves, Tha abtlart &t
Lok watss, WBEIMELY . LFo more ilmportamt tube caparitances an'finducban«ﬁ of (Jea

) n bmsslo - h
AL @ shepter wavelength, Leotes n the tube and sircuit increase a8 dows !.hn,\zr«.m&!
tuae o Lhe prenption af witrsshopt wawen, Whe pretagces osoartin) i whe reLevMY
. Jeomng grobt kY Lpdn e interan: nees trasted ot recelvor. For waves 8YereT
N SR RS AT LA U ‘Or!'.': resaswer Aaput ic Aatarmdned By the
" € foern 2

vormal noles Level A bhe hegnee ol A Amade emes

TR U T y TR T LT o oplestren Proveddet W the
aund et PR ARG L

Cha {pme wae LrOne L0 Mand Of Gyt aPe knoTwatinuous motion. a3 A resu.t of
worse gk G’ anc e b0 ML RERS LEXEANEAE, 4 orrewtooud LUty shageing i vaue
W re.tson LB ey up in Lt sondietor  aad a shicht alterniting voltage is jevel-
Sy A1 SIh KERRRE pila f tne cuamrter. The nacritude of tnis voltage Up Lo misree
veare tn e froguanty vard tf \napregaed Lnoke is piven by the foilowins equation:

' Ly N
6/, . ‘.’.. 'l/ A .

wemps 4oar tne fesinlinee =% tne conductor fparticularly, the resistance of the cir-

ands R o= -'g-; ' axpressed in Kilohms.
3

)r odue Po
rbe nolse L3 created madnly by the shot offect, The shot eefect n..-»m

& not. .niform elesctron emsssion, Hmission is chaotic, ile., the number of elecirona
poiled off the incandascent filament changes continuously and as 8 result thepk plate”
current of the tube always contains a smull alternating camponent.

Jith respect to the nolse voltage applied to the grid of the tube, the triode
18 squivalent to some saxtiam resistance R whose value (in kilchms) dependsms upon
vte . ransconductance (in milliamps per volt): R = Ledemd,

The noise resistance of & pentode is approximately 3 to 5 times that of a trinde.

A ,-.u..fﬁciem, signal-to-noise rat,i.o must be obtalned for normal receiver opera-

vrewt

i tion, and therefore sufficiently &:—; conp:uu must be used between the input de-
vise and the anteana feeder, The input ddu tor & metor-wave roceiver.doss n

2‘
|
i

differ greatly from the input device for & TmupeoKE receiver of longer wuves, In

going to decimeter waves, however, the osclllatory eireuit with lumped capacitance
and i.nducuneo is m.&um generally replaced by s WWM ¥

Alﬁ~w.v"~
PRI TR e a8 hmba Londns

. s
o
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uppnxinm.y a quarter nnhmh long -hm-emm-d st the ond. A variation of
the input mxih dewime cirouit for reception of decinditer weves is shown in Pigure

arrev’

162, The short-circhited foeder used as the mmmu system of the input m

is loaded by the tube cepacitance i?- The reacoance cendition for the input device
inductive moumo

o that the dombwmcxms of the feeder bo squal to the SEPEXKIER capasitive reactance
of the tube
Ze o ™ £ T E;Jc-t.

widch will We satiefied if the length of the fudor‘- {s made slightly less ihan a
BQUArter wavelength.

The input impedance of the rf amplifier has not only a reactive camponent pro-
vice by the tube capaciiances tut also an active cempoment, which increased at.f.om-
ation of the '1.cxrcun. for wltrashort waves, current will ﬂ.al
in the griud sarsuat of oo amplifiar tube evan 48 +he valtage on the grid 39 negative

Mgt g s 0L WY moment of i, The présence of grid current even for a‘'hlgh negs-

tive grid blas g s explained by the fact that the transit time atcuoaiaxies [ron
eltwnent Lo platu ‘e com enaurable with the perlod of oscillations for ultrashort X
waves, rFor & aharp lntreasu ¢f grid potuntial, the n\u;lbar of e'].ootronn moving from
eilamant to grid will be at the first instant greater than the mumbor of elecirons
rolng Crom the grid te the plate, WMor & sharp decrease of grid petential, the num=
bar 2 saectrons moving t¢ the grid from the filament will be at the first Lns?.ant
less than the number of electrons continuing to move frem the grid to the plate.
uacsuse of the disparity in the number of electrons moving to the grid and leaving
from it at the first instam afver rupt change of grid potential, xR Earmmikag
variable charges will be induced in the grid, causéng & currcnt in tho grid chrcult
ingependent of the ratio between Ug and B‘. This grid current coine!.du in phass with
the alternating grid voltyge U‘ mﬁ thus determires the active component of the o
pube's input FeUlSCARSY.

The second reason for the‘lppurme‘o' of an astive compenent in’'the tube's in=-
ot reslstaace for ultreshort waves is the voltage drep created by the alternating
coaponent of the plate current I, nomess the Wo-of the cathode lead ) (Pig-

ure §63): ‘

P P

Snbatimtngintwmam '—". - -""c' o

J‘ v Al
A-Lk& - nuuu i"’w%w -w-rtv A
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_.ﬂd!‘ll‘ ue”* e
|+

et v 7

we find

= f'""TT-f' YT
frob which it :ouon that ‘the active input conductance of the tube increases ao the
square of the frequency shanting the oscillatory eireult of the input device. fon=
sequantly, the transfer mmd the seledtivity of the lnputw:wul*uecrmsa
xikh sharply as the waves becomo shorter. The ampliffication gactor and selactivity
of thie r? aaplifier will also obviously decrwase in amplifying higher frequeacies
since the load in the plate clrcuit of the Lube wu.). shunt the *.nput conduztasce of
who tuba n the following stage to o greater degree. ‘

& olrzale with lumped ronatants s ordlaarily nsod as a plate load for :;l rt
am;lifler operating in the potar band. & concentric Leedor ie generally used in
Lhe asplsficatlon of dealmeler waved,

Toat shf receivors are Jeaignad for rece, ation of only one wavelength or R nArewy
pand of wavolengths, yhich simji.ifies the oselllatory aystem in the plate ciraullt of
v tubn,

Tpiodes are frequenbly used for r¢ amplification in order to decru;o the in-
rernil twle? Level, Arounda iegrid amplification (Figure 64) is used %o »Laminate
vne danger of su)f-excrtatlon. .

ronspderution of the ecquAvalent cirduit. of a grounded-grid amplifler (Figur: s

Wostubush & hat the amplitude of the ac component of the plate surrant Ly

- fprt)le
’ R, * F

and the input voltage is , = T &,

Considering that R:.» & snv >/
we £ind the amplification factor /C * -0% » 5T -
and the input Smpedanco of the graunded-pid amplifier

= .ét 2, 42, 2.
T, . . e a‘ < T f

Thus, the ampu.tiution factor of the grounded-grid - mpu.ﬂor doosy not differ
from that ef the usual amplifier, but ite injut impedance ls considerably less, which
{w the defect of f.hu cireuit, The danger of self-axoltation with a grounded-grid am-
plifier is less than t.hat with an ordinary saplifier, because the feedback element in

this oircuit is not the plate to grid upld.unu m the uu.hr plate £ to filaaent

capscitance. .
Grounded-grid triodés are used for aplifiostion of seter aad deoimster weves.
N l i“‘-—g?"‘ [ . ) il

e R A T
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PaneiENTIAL

A8 the wavelength becames sherter, the amplification tu}or ef the rt mnr ,
A decreases. '
Presant=day uuwn recoivers are as & rule the superheterodyme type.
In centlmeter=band recoivers, rf upun.uuon'u not used bEOERA0 Wp=bo-Li-pansant
VEBY Lubes with a noise level low enoughk to provide suffisient aapld fication in
this wave band have not been dnezopodrdf Phis Tme -

\ The nolse reslstance of a tube increases with the number of grids employed.
Becanse of their high internal nolse and _comldernble {interelactrode capacitances,
muitigrid tubes we not used for 2.requewc‘:/ comsoralon in the ultrashort-wave band.

A cut) ode-coupling circuit (Figure 366' Ls often uspd for frequency converalon in
the mater band, The advantage of this circult is the ‘ﬂ coupling between the out-
put of tho rt auplifior ond the oaciliator clreult (through the grid te filamant
cuparinanss of the peitoue., anile rotolning ﬁ‘./av"cuuphmv, batwesn the grid cir- -
st ¥ oosa pixer bube and the osiiliavor, The resistor r, shunted by the cppa:i-
vor o, 18 . onneited ofi Loe D8LHe sircuit o proviae fixad tlas on the geontrol gk
grig of the pantode,
Yiodes are used ‘nr wne wost part for frequency conversien in dmmimmmkme Jjecl-
neter band recelvurs bacause they provide high input lmpedence and a low nolse l.eve.i..
In the receptisn of centlmeter waves, 8 erystal dlabect.or‘(pyrite-eteol, 2ineite.
graphite, and ot h-rs‘ 11 LAed for rreguensy conversion. A3 &n Lnput dewlme in cuenti-
peter band recievers, 8 resondtor contalning & erystal devector (Fipure 157) ls used.
The conductor of the concentric feeder which connecte the coupling transformer with
vhe antenna iz terminated in the rcabnntor by a anall coupling loop for exciting msxkkk
oscillations with the frequency of the signals received cu,; the feeder connecting the
resonator with the oscillator is also terminated in h the resonator by a coupling loop
for exclting oscillations in the resonstor with the oscillstor rnqu;ncy w,, Thus,
the cryutnlbu detector will be in an alternating field with frequencies w and s,
andx, as a result, a voltage of the qe-mxwo frequency &y~ /w.-lean. apaxnck ap- 1
pear in the detector cireuit. The .1"‘. voltage is also applied xkkh by means of the i
| soncentric fesdsr o the input of the L= mplifier. \
A special slectron tnbo'.’ called the reflex klystron, is used as an mximkk os-
| cillator in the eentimeter bend. The Rlyetroa is a tube in which veleoity modulation
ofthcdoomuu-plmd mmunhdw“huutwmnd‘pmr- \

4 - 8
re L op Lo A R LY A
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ating ultrashert waves was firet proposed by Professor D. A, Rozhanskiy, Let uo con-
sider the purpose of the electrodes of the reflex klystron (Figure 368). The purpoae
of the Filament and enhoda'u to croate a atore of free electrons, A M posivive
potential is applied to the first grid 1 in arder to accelorate the electrons toward

vhe following elestrodes. A positive volué; is also applied to the second Bria 2

o obtaln & high uniform velocity. An alternating voltage is applied to grida 2 and

}. The uiecurons enterlng the spaca betwe.n grids & and ? will obtain high veioc.1y

i0oAt whe glven Lrstant the patential af the third grid s greater than the potential
of Lhe sacend grid,  iesimong entaring \re dpace between grids 2 and ! w anstant
Woeno the patantinl ef arid Y iy leas ﬁ'nam that of grid 2 will move with reduzed w:.

Aty Lfumer leaving the spig Thus I:l protess of veiocliy modulation ia davelcrad

i shel space betwe noprvas & oang 0,

A nagalive de potantial ie spplied to electrode h, culled tha reflector, aad con-
Wuent Ly electrons are repelled from the reflector into the spiace batwaen grids 2
bt ARELEONS moving Watlofan speed after grid ) will lose their ve‘loci‘.y in
dire:t proxdaity to the refdector and wi!l then: return to grid 3. Ilectmons moving
AL Ot sy altar el Vowill rapadly lose their'valecity in the retarair, ?ieun
of the reaflector and will return to grin ? slmultaresusly with electron enrraeck
Lrave,tng the Jonger ;oa G to the reflector and baok,

Thua, velosity modulation ts the reason for thé xxmu bunching of sleetrons around
grid Y. The bunches of elactrons approaszhing grid 3 through definite time intervais
will induce alternating pot:ant.iala in grids 2 and 2,

The use of s klystron as an oscillator is shown in Flgure 369. ®rids 2 and 3
form the resonator, The electrons, velosity modulated in the resonator, enwer the -
retarding fleld of the peflector and return again to the resonator, sustaining os-
cillations in it. A coupling loop is introduced into the ﬁsouto; to transfer the
oscillationa obtained to the mixer threugh a concentric feeder,

&N -0

..Allu & e

can— de L S i b
s s s g Jl.«y [P - o~y
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